INTRODUCTION
Refractory angina pectoris is a chronic disabling condition affecting a growing number of patients (10-15%) with severe ischemic heart disease 1 . It can be defined as the presence of debilitating angina despite optimal medical therapy due to severe and/or diffuse coronary artery disease (CAD) not amenable for revascularization either by percutaneous or surgical approach. Life expectancy for these patients doesn't differ significantly from other patients with chronic ischemic heart disease 2, 3 , but their quality of life is poorer, their incidence of re-hospitalization is higher 4 , and they frequently experience depression and anxiety because of their disease 5 . Moreover, patients with refractory angina should be managed with many anti-ischemic drugs and are relatively young (60-65 years) 6 . This "no-option" labeled population represents a complex and heterogeneous group 7, 8 . Most of them are not good candidates for revascularization due to several technical implications, such as the presence of complex coronary total occlusions, highly diffuse coronary artery disease, recurrent coronary restenosis after percutaneous coronary revascularization (PCI) or occluded bypass after coronary artery bypass graft surgery (CABG). Other patients continue complaining about disabling angina despite successful revascularization: this is called "residual" or "persistent" angina and is supposed to affect 25% of patients af-ter one year and 45% after 3 years following revascularization 9 . Furthermore, another group of patients suffer from micro-vascular angina in the absence of significant epicardial coronary stenosis 7 . This wide range of clinical entities may explain the difficulties in assessing the effectiveness of various proposed therapeutic alternatives [10] [11] [12] . The impact of refractory angina in terms of healthcare costs indicates the need for expanding strategies for the treatment of these patients 12 which has been currently limited mainly to traditional anti-anginal therapy and lifestyle changes in the past few years 13, 14 . In fact, several novel anti-ischemic drugs such as ivabradine or ranolazine, and alternative therapies like transmyocardial laser revascularization, extracorporeal shockwave therapy, spinal cord stimulation, gene therapy or cell therapy brought only limited benefits in this population 11, 15 . The coronary sinus reducer (CSR) is a novel percutaneous implantable device designed to narrow the coronary sinus (CS) in order to reduce angina burden in patients experiencing refractory angina; and received CE approval in November 2011. The concept of narrowing the coronary sinus comes from Beck's and others heart surgeons interventions 16, 17 , who started performing a surgical restriction of the main cardiac vein to obtain redistribution of myocardial blood flow into ischemic territories, with encouraging results. This promising technique was then almost forgotten due to the rapid development of surgical and percutaneous revascularization procedures, but recently the increasing number of patients with refractory angina called back this idea. Therefore, the CS Reducer has been developed and introduced in clinical practice as a new device for the treatment of these patients 18, 19 .
DEVICE AND IMPLANTATION PROCEDURE
The CSR is a stainless steel mesh pre-mounted on an hourglass shaped balloon catheter, intended to be percutaneous-ly implanted to create a controlled narrowing into the CS, to finally increase coronary venous pressure ( Figure 1 ).The device is provided in a single size suitable for CS diameters ranging from 9 to 14 mm. Through a percutaneous approach from the right-jugular vein, a 6 french (Fr) diagnostic catheter (Multipurpose or Amplatz left) is advanced to measure right atrial pressure (RAP) and to selectively gain the CS, which is injected to assess the anatomy. RAP over 15 mmHg represents a contraindication to the implantation, to avoid treating patients with uncontrolled heart failure.Then, the 6 Fr diagnostic catheter is exchanged with a 9 Fr guiding catheter, which is positioned distally into the CS, allowing to advance the reducer up to the place chosen for the implant. The 9 Fr guiding catheter is then retracted and the reducer balloon is inflated by the help of contrast injection to guide correct implantation. After deflation and retrieval of the balloon, a final angiogram evaluates the positioning and excludes any complications such as perforations ( Figure 2 ). After the procedure, a short period of dual antiplatelet therapy with aspirin and clopidogrel is recommended (usually one month).
INSIGHT THE MECHANISM OF ACTION
The potential benefit in reducing coronary sinus diameter in ischemic heart disease is based on the findings first described by Camici et al. 7 , later by Banai et al. 18 . In a normal heart, during exercise, the sympathetic-mediated vasoconstriction of the sub-epicardial vessels leads to an increase of blood flow to the sub-endocardial layers 20 : in patients with obstructive CAD this mechanism is dysfunctional 21 . In addition, in ischemic heart disease, the high left ventricular end-diastolic pressure worsen the sub-endocardial ischemia increasing coronary flow resistance. A controlled narrowing of the CS in ischemic myocardium raises the pressure in the venous drainage system, inducing arterial capillaries dilatation and reducing flow resistances, leading to a redistribution of blood from the less ischemic sub-epicardium to the more ischemic sub-endocardium 22, 23 . This beneficial effect was first observed pre-clinical experiments in animals [24] [25] [26] [27] . The effect of the reducer starts once the endothelialization of the device has completed, so it takes a few months after implantation 18, 22 .
Another potential mechanism of action is linked to the possible angiogenic effect of the device 28 . This theory is still debated, and comes from histological findings of myocardial neo-angiogenesis after the introduction of a small balloon pump into the CS designed to reduce acute ischemic injury after myocardial infarction in the early nineties 27 .
PATIENT SELECTION AND CONTRAINDICATIONS
The best candidate for reducer implantation is a patient with all these features: 1) stable angina with Canadian Cardiovascular Society (CCS) class II-IV; 2) objective evidence of myocardial ischemia in the left coronary artery distribution; 3) optimized antianginal medical therapy; 4) no further options for coronary surgical or percutaneous revascularization 29 Not good candidates are patients with no objective evidence of myocardial ischemia or limited ischemia on the right coronary artery (RCA) territory: the venous drainage from the RCA is usually ensured by the middle cardiac vein (MCV), inserting next to the CS ostium, distally from the Reducer implantation site. However, an atypical implantation of the Reducer in the MCV in a patient with RCA related-ischemia has recently been reported without peri-procedural complications (30), suggesting the possibility of an off-label procedure in such patients when CS anatomy is unfavorable and MCV is of suitable size. Reducer is furthermore not advisable in cases of heart failure with severe systolic impairment (ejection fraction <30%) which could benefit from cardiac resynchronization therapy, in patients with mean RAP >15 mmHg or in recent (< 3 months) PCI or CABG 29 .
THE NON-RESPONDERS: NEW EVIDENCES
CSR implantation results in an improvement in symptoms in about 70-80% of patients 29 ; the reason why the remaining percentage does not benefit is still matter of debate. Factors such as angina related to ischemia on the right coronary territory, coexisting heart failure related symptoms or non-angina chest pain are proposed 29 . However, the most physiological supported hypothesis to date is that an inadequate pressure gradient across the Reducer could significantly influence the device's efficacy. This is more likely to happen in patients with a well-developed alternative coronary venous drainage system, as recently suggested by San Raffaele's interventionalists 31 . Therefore, measuring the difference between right atrial pressure (corresponding to CS pressure) at the baseline and the CS systolic wedge pressure after reducer implantation could help detecting non-responders: such patients might have scarce CS pressure increment as compared to responders. Excluding coronary artery disease progression at follow-up or malposition/thrombosis of the device by CT scan is otherwise important in case of non-responding 31 .
PROCEDURAL COMPLICATIONS
CSR implantation has shown to be a safe procedure with a very low rate of peri-operative complications 29 ; however several troubles as CS dissection during catheter or wire manipulation, direct or late device migration, pericardial tamponade due to CS rupture may theoretically occur. In the CO- SIRA trial 22 only one case of peri-procedural myocardial infarction was registered in the treatment group, with no evidence of device migration or occlusion at CT angiography. The first systematically described managed case of CS perforation was recently reported by Bernardo Cortese et al. 32 : after implantation of the device and balloon retrieval, they noticed free extravasation of contrast in the left atrium due to CS rupture. No hemodynamic impairment occurred: the patient was successfully treated with protamine sulfate administration and a semi-compliant balloon inflation for 5 minutes was performed. No pericardial effusion was detected at echo and the patient was discharged two days later. Thus, in this case, a potential life-threatening complication was successfully managed without serious implications.
EFFICACY PERFORMANCES IN CLINICAL STUDIES
The feasibility, safety and efficacy of the reducer implantation were first evaluated in pre-clinical experiments in swine models, showing a reduction in extent and severity of myocardial ischemia 29, 33 . Then, further studies in men assessed the role of the device in improving quality of life and parameters of ischemia in patients with refractory angina. The first-in-man study was a multicenter, non-randomized prospective study 18 involving 15 patients with refractory angina treated with the Reducer at 3 medical centers. All procedures were completed with no adverse events. Most of the patients (85%) reported a reduction in CCS angina class; clinical improvement started a few weeks after the procedure. The extent and severity of myocardial ischemia assessed by dobutamine echocardiography and by thallium SPECT studies were significantly reduced in 8 out of 13 patients and 4 out of 10 patients respectively at 6 months follow-up 18 . Data about 21 patients treated with the reducer in two centers (Antwerp Cardiovascular Center, Belgium, and Tel Aviv Medical Center, Israel) were published in Eurointervention in 2014 34 . Patients with refractory angina not susceptible for surgical or percutaneous coronary revascularization, with objective evidence of myocardial ischemia and ejection fraction ≥25% were included. The implant of the reducer was associated with a significant improvement in angina class in 85% of the cases; medium CCS class values decreased significantly at six months follow-up from an average of 3.3±0.6 to 2.0±1.0. Clinical improvement started a few weeks after the procedure and was maintained at fo-llow-up. In addition, wall motion severity index (WMSI) at stress assessed by dobutamine echocardiography at 6 months follow-up improved significantly; summed stress score (SSS) and summed difference score (SDS) at thallium stress scans were significantly reduced, demonstrating an improvement in the extent and severity of the ischemic segments after CSR implantation 34 . To date, the only randomized sham-controlled trial evaluating the efficacy of CS reducer as a treatment for refractory angina is the COSIRA trial (COronary SInus Reducer for treatment of refractory Angina) 22 . The study involved 11 clinical centers; a total of 104 patients were randomized. Participants were randomly assigned in a 1:1 ratio to undergo either implantation of the Reducer (treatment group, 52 patients) or the sham procedure (control group, 52 patients).
The study was double-blinded: neither the patients nor cardiologists evaluating the clinical status at baseline and follow-up were aware of the treatment arm. The primary endpoint of the study was the reduction in angina symptoms evaluated by CCS score: 18 out of 52 patients (35%) in the treatment group versus 8 out of 52 (15%) in the control group had an improvement of at least two CCS classes. This improvement was significant (p = 0.02) 22 . An improvement of at least one CCS class was registered in 71% of patients in the treatment group (37 of 52 patients) compared to 42% (22 of 52) in the control group (p = 0.003). In addition, quality of life assessed with the Seattle Angina Questionnaire (SAQ) was significantly improved in the Reducer group as compared to the control group. No significant between-groups differences were found in improvement in exercise time during ergometry or in the extent of ischemia evaluated by stress echocardiography or myocardial scintigraphy at 6 months follow-up 22 . Data from a retrospective registry in Utrecht about 23 patients treated with the Reducer were published in 2016 by Abawi et al. 35 Patients with refractory angina despite optimal medical therapy (CCS class 2-4) with CAD not suitable for revascularization and documented inducible myocardial ischemia underwent Reducer implantation. Unlike the CO-SIRA 22 , which included only patients with a positive dobutamine stress echocardiography at the baseline, in this registry all forms of proven inducible ischemia were admitted. In line with previous studies 18, 22, 34 the CSR implantation in these patients was proven to be safe with no procedural-related complications. The efficacy endpoint (any reduction in CCS class and revascularization free survival) was reached in most of the patients (74%, 17 patients) few weeks after the procedure 35 . Recently, new data from real-world experiences with Reducer implantation have been published. Giannini and others from San Raffaele Scientific Institute in Milan reported their results coming from 50 consecutive patients treated with Reducer between March 2016 and August 2018. 36 They demonstrated an improvement of at least one CCS angina class in 80% of patients and of two CCS angina class in 40% of patients at 4 months follow-up, with a preserved result at 1 year. They also reported an improvement in quality of life assessed by Seattle Angina Questionnaire (SAQ) and 6-min walking test distance, without any device-related adverse event during the procedure or at follow-up. Reducing in antianginal drugs was possible for 19% of the patients at follow-up. No data regarding reduction in objective myocardial ischemia assessed by imaging techniques were reported. Results from another single-center experience in Tel-Aviv were published by Konigstein and others in Eurointervention on July 2018 37 . 48 patients underwent reducer implantation and then were evaluated at 6 months and 1-year follow-up. No peri-procedural or long-term adverse events were recorded. The main findings of the study can be summarized in 3 points. First, reducer implantation was associated with significant reduction of angina severity and improvement in quality of life, as reflected by the SAQ. Second, exercise duration evaluated by Treadmill exercise test and 6 minute-walking test distance increased. Third, but not less important, ejection fraction at stress increased and wall motion severity index (WMSI) improved significantly when evaluated by means of dobutamine echocardiography at six-months follow-up 37 . In the multi-center "reduce" clinical registry 38 data from one hundred forty one consecutive patients who underwent reducer implantation at 3 high volume medical centers (San Raffaele Hospital in Milan, Tel-Aviv medical center and Antwerp Cardiovascular center) were collected and analyzed. Patients with obstructive CAD with no-option for further revascularization, suffering from chronic disabling angina (CCS class 2-4) and with pre-implant objective demonstration of myocardial ischemia by physical or pharmacological stress tests were treated with Reducer. No peri-procedural or long-term complications occurred; mean CCS class and all SAQ items improved significantly; the number of anti-ischemic drugs prescribed was significantly reduced during a median follow-up of 14 months. The choice to perform a further ischemia testing during follow-up was left to treating physician, thus data regarding objective ischemia reduction after Reducer implantation were not complete and consistent. However authors reported a significant reduction in ischemia extent assessed by myocardial scintigraphy (available in 37 patients) and a significant reduction in inducible ischemia evaluated by dobutamine stress echocardiography (available in 42 patients) 38 . To date, data regarding the improvement in objective parameters of ischemia following Reducer implantation are still limited to restricted non-randomized cohorts. In the last few years cardiac magnetic resonance became the gold standard imaging technique to evaluate myocardial viability and its use will spread more and more to assess myocardial per-fusion and ischemia. What we need now is to evaluate the role of dipyridamole stress cardiac magnetic resonance with myocardial perfusion reserve index (MPRI) calculation to objectively measure the effect of Reducer implantation. Available data in this setting come from Giannini's experience in Milan in patients with refractory angina without obstructive coronary artery disease treated with reducer 39 . Eight patients underwent CS Reducer implantation for the treatment of microvascular angina: all 3 patients that underwent dipyridamole CMR with MPRI calculation in this group were found to have an increasing MPRI of the ischemic segments and an increasing mean MPRI of the whole ventricle after intervention. CMR with MPRI was also employed by Konigstein and others in 15 patients undergoing CS Reducer implantation with a demonstration of an increasing global MPRI from baseline to 4 months follow-up (1.46±0.40 to 1.80±0.78) 29 . Larger studies with longer follow-up are now required in this setting to objectively assess the reduction in ischemia burden with this accurate technique in patients treated with reducer. Further ongoing studies will evaluate the impact of CSR on refractory angina in larger number of patients. A multi-center observational clinical study (Reducer-I -NCT02710435) will include 400 patients from 40 centers in Europe with a 5 years extended follow-up; a phase III multi-center, randomized, double blinded, sham-controlled clinical trial will enroll 380 patients from more than 30 centers across North America (COSIRA II).
FUTURE PERSPECTIVES
The prevalence of refractory angina is still increasing in relation to the increase in survival of patients with ischemic heart disease and the aging of the population. CS Reducer should be always considered in this setting, where appropriate indications exist, because of the safety of its implant, the proven efficacy in reducing anginal symptoms and in improving the quality of life of these patients 22 . The use of CS Reducer is now diffusing in Europe due to previously cited promising clinical findings and experiences, but remains still under adopted. Future perspectives and broadening of its indications will be matter of upcoming literature. Reducer implantation in patients suffering from microvascular angina without obstructive CAD as already be tested in small series 39 , enlightening promising results. What should be attempted now is to go beyond the purpose for which Reducer is currently approved: hence to demonstrate a possible role of this device in terms of increased survival in patients with highly diffuse coronary artery disease not eligible for revascularization regardless of symptoms, as recently proposed by Lozano et al. (40) . The mortality rate in this group still remains very high, and positive results in decreasing the ischemia burden after Reducer implantation 29, 37, 39 may be a solid start point to test in a clinical study the employment of CS Reducer in this population. However, evaluating the impact on myocardial ischemia with advanced techniques such as stress cardiac magnetic resonance in larger groups of patients treated with Reducer will be the first step to start exploring this new exciting perspective 41 .
